INTRODUCTION
The North West Shelf (NWS) of Australia has been the focus of much study and exploration over several decades, and hosts some of Australia's most significant petroleum resources. The Northern Carnarvon, Browse, and Bonaparte basins have been the main areas of exploration success and have provided the basis for much of the regional geological story for the Westralian Superbasin. In contrast, the Roebuck Basin, in the centre of the NWS, has historically been less studied and explored with many questions remaining on its tectonostratigraphic evolution. More recently, the Roebuck Basin has been a focus of industry interest with the discovery of oil and gas-condensate within the Triassic succession of the Bedout Sub-basin at the Phoenix South, Roc, and Dorado prospects. However, the results of Hannover South 1 and Anhalt 1 exploration wells (both drilled in 2015) which unexpectedly intersected Triassic volcanic rocks in the Rowley Sub-basin, underscore the significant uncertainties that remain in our understanding.
Since the last publicly available structural elements maps were developed, there has been a significant increase in both the number of wells and the quality and availability of 3D and deep 2D seismic data in the central NWS. Updating the state of understanding on the structural architecture and evolution of this region is an important part of assessing its petroleum prospectivity.
To improve our understanding of the stratigraphic and structural aspects of exploration risk within the Triassic succession of the Roebuck Basin, Geoscience Australia has undertaken a regional mapping program covering the Roebuck Basin and parts of the adjacent Northern Carnarvon, Browse, and offshore Canning basins (referred to herein as the central NWS). This has been part of a regional petroleum prospectivity assessment for the central NWS (Abbott et al., this volume; Rollet et al., this volume) . Presented here is an update to the regional structural architecture of the central NWS, showcasing variations in structural style across the region, as well as improvements in the resolution and characterisation of identified features.
DATA AND METHODOLOGY
Regional seismic mapping covering the central NWS was completed in the time domain on both open file and multi-client 2D and 3D seismic surveys. More detailed mapping was possible in regions covered by 3D seismic, which included the Curt, Capreolus, Lord Admiral, Naranco, CNOOC, and Polly 3D seismic surveys, which together covers much of the study area. Seismic imaging is generally moderate to good for the upper Triassic, and poor to moderate for the lower Triassic. The deterioration in data quality and lack of well control in the deeper and outboard parts of the study area mean seismic correlations over these regions are subject to greater uncertainty.
Seismic horizons of regional significance were selected for mapping across the study area. The principal horizons are TR10.0_SB (base Triassic), TR17.0_SB (Mid-Triassic), and J10.0_SB (top Triassic). Horizon structure grids (in TWT) were
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Mapping of faults was predominantly undertaken within areas of 3D data coverage, with supplementation from 2D data to extend mapping for features of regional significance. Faults were mapped in both vertical and horizontal seismic sections, with the identification of fault trends and linkages aided by use of incoherence slices through 3D volumes at horizons of interest. Structures across the study area are a result of normal faulting, as expected for a margin that has experienced repeated periods of extension and subsidence. Generally, there is vertical separation between faulting of the upper Triassic and lower Triassic successions. In the Beagle and Bedout sub-basins and Exmouth Plateau, this occurs along a ductile zone in the Lower Triassic (Figure 4d ), while in the Rowley Sub-basin it occurs higher in the Middle Triassic section at TR21.1_SB. As a result, different fault trends are mapped on the top and base Triassic surfaces (Figures 1 and 2 ). However, major faults do penetrate through the entire Mesozoic section and into the Paleozoic basement, forming features with significant topography such as the Thouin Graben, Whitetail Graben, Naranco High, and the Barcoo Sub-basin half graben.
REGIONAL STRUCTURAL OBSERVATIONS
The most well-known structural feature within the Roebuck Basin is the Bedout High, a Palaeozoic feature generally considered to be a fault block or volcanic feature which separates the Bedout and Rowley sub-basins (Smith, 1999) . Triassic sediments lap onto the Bedout High from both subbasins but there is no Triassic preserved on top. This feature has not been a focus of investigation in this study.
The Triassic isochore map ( Figure 3a ) reveals two Triassic depocentres, defined principally by a thickness variation of the TR10.0_SB-TR17.0_SB succession (Lower to Middle Triassic). The primary depocentre has over 6 seconds (TWT) of fill and covers the Beagle Sub-basin and eastern Exmouth Plateau, with an embayment into the Bedout Sub-basin. An elliptical depocentre in the northern Rowley Sub-basin contains around 4 seconds (TWT) of Triassic fill, with a series of clinoforms mapped along the southern edge which have previously been interpreted as volcanic in origin (MacNeill et al., 2018) . These two depocentres are separated by an area of thin Triassic sediments extending from the Bedout Sub-basin out to the western Rowley Sub-basin and northeast Exmouth Plateau. In contrast, the post-Triassic isochore map ( Figure 3b ) shows a northeast-southwest oriented depocentre, illustrating clear differences between Triassic and later Mesozoic to Cenozoic deposition.
Base Triassic Observations
The base Triassic horizon ( Figure 1 ) displays two predominant fault orientations; north-trending and northeast-trending, with localised areas of northwest-oriented faulting. Extensive northeast faults are present across the northern Rowley Subbasin and into the Barcoo Sub-basin. These faults predominantly dip southeast and form a series of half graben, including some with thick Early to Middle Triassic fill. Another half graben is formed by the East Mermaid Fault in the inboard Rowley Sub-basin (Figure 1) . This northeast-trending normal fault terminates at the TR10.0_SB and is interpreted to have Palaeozoic growth and fill.
Although the Rowley Sub-basin has often been described as 'relatively unstructured', it contains a number of structural features of interest and significance to our understanding of Roebuck Basin evolution. One such feature in the outer subbasin is the Steel Dragon Structure (Maher, 2017) , a deep, circular depression with an Early to Middle Triassic fill ( Figure  1) . The edge is marked by a curved hinge at TR10.0_SB to TR17.0_SB, which forms a small ridge between the Steel Dragon Structure and the Thouin Graben. This enigmatic feature may be genetically linked to the volcanic depocentre proposed by MacNeill et al. (2018) .
For much of the Beagle Sub-basin and Exmouth Plateau, faults are only mapped in the shallower regions along the eastern inboard and north eastern edges. This is largely due to the poor seismic resolution of the TR10.0_SB as it rapidly deepens across the Beagle Sub-basin to the northwest and is overlain by a thick Triassic succession. Along the eastern inboard shelf, faulting predominantly strikes in a northeast to north-northeast direction with minor instances of north-northwest striking faults. Along this shelf, a prominent escarpment is also mapped under the TR10.0_SB which extends into the Bedout and Beagle sub-basins (Figures 2 and 4d) . The general understanding is that this feature is a Permian carbonate buildup I'Anson et al., 2019) .
In the northeast of the Beagle Sub-basin is the southern tip of the Whitetail Graben, with faults directly to the south of this feature maintaining a predominantly north to north-northwest trend. Immediately to the west is a zone of northwest-oriented arcuate normal faulting (Figure 1 ) that penetrates the TR10.0_SB into the underlying Palaeozoic. This faulting runs parallel with the previously mentioned interpreted carbonate platform. These faults mostly dip northeast towards the Whitetail Graben -in direct contrast to the dominantly Wdipping faults in the Triassic succession above. A similar structural disconnect is also observed at the North Turtle Hinge Zone, where the linear northeast structural grain at the base Triassic (Figure 1 ) contrasts with the north to north-northeasttrending arcuate, en echelon faults that penetrate through the overlying Triassic succession (Figures 2 and 4d) .
Top Triassic Observations
The top Triassic horizon ( Figure 2 ) displays a similar range of fault orientations to the base Triassic; north-trending and northeast-trending, with localised areas of northwest-oriented faulting. A particularly prominent northeast-trending normal fault at the outermost edge of the Rowley Sub-basin marks the continent-ocean boundary at the top Triassic level. This fault has substantial northwest-dipping throws at the transition to the Argo Abyssal Plain and penetrates through to the base Triassic in the north.
Predominantly north-oriented faulting is observed across the Rowley Sub-basin but as displacements are minimal, they are not well resolved on the horizon structure grid (Figure 2 ). This north-oriented fault trend transitions to a northwest orientation along the northeast flank of the Whitetail Graben (Figure 2) . Cross cutting northeast-oriented faults are also observed to a lesser degree across the sub-basin.
Through the central region of the Beagle Sub-basin there is a strong north-S structural fabric forming a series of horsts and graben (Figure 2) . To the north and northwest this changes to a complex orthorhombic fault pattern with formation of rhomboidal horsts (McCormack and McClay, 2018) . Along the southern inboard edge of the Beagle Sub-basin, northeastoriented faulting links with the faults of the North Turtle Hinge Zone to create an interconnected arcuate fault system following the southern and eastern edges of the sub-basin (Figure 2) .
The northeast Exmouth Plateau is a structurally complex area distinct in character and architecture to the surrounding subbasins. On the outboard margin of the Exmouth Plateau are a series of large northeast-trending titled fault blocks that penetrate through the Triassic section, the up-dip side of which form prominent highs, including the Emu High (Figure 2 ). One explanation for these features is a result of the first phase of Permian extension as described by Tek (2015) . This extension event may have led to hyperextension of the continental crust, exhumation and possible serpentinization of the lithospheric mantle, and the formation of these large tilted blocks (Tek, 2015) .
STRUCTURAL FEATURES Barcoo Sub-basin Half-graben
Within the Barcoo Sub-basin are a series of northeast-trending, southeast-dipping normal faults (Figure 1 ) that bound half graben and which experienced growth throughout the Triassic (Figure 4a ). These faults extend partially into the Rowley Subbasin but their growth is limited to the interval TR17.0_SB-J10.0_SB. This is the only area with compelling evidence for Triassic syn-depositional extension found in the study so far.
Whitetail Graben
The Whitetail Graben is a conspicuous feature of the Rowley-Exmouth-Beagle transition and is clearly identifiable in the horizon structure maps (Figures 1 and 2) . This north-S oriented graben has a distinctive sigmoidal architecture. It narrows to the south along a series of north-S striking faults and widens to the north where it steps to the northeast before returning to a northerly orientation.
In vertical section, the Whitetail Graben has a flat base through the central and northern portions (Figure 4b ) and narrows to a v-shaped graben in the south. There is no growth evident in the Triassic section, but there is thickening of the Jurassic succession into the graben (Figures 4b and 4c ). There is further internal structure within the graben, with steps linked by crosscutting faults (Figure 2) .
The geometry of the Whitetail Graben is similar to that of pullapart basins (Dooley and McClay, 1997) , with a rhomboidal to sigmoidal architecture. This could indicate some degree of Mesozoic transtension influenced by an underlying Palaeozoic fabric. Similar observations on the influence of inherited fabrics on basin architecture have also been made by I' Anson et al. (2019) .
Naranco High
The Naranco High is a prominent rhomboidal fault-bound structural high at the Rowley-Exmouth transition (Figures 1  and 2) . It echoes the shape of the adjacent Whitetail Graben. The feature is highly faulted throughout (Figures 4b and 4c) , with a dominant north to northeast fault orientation and linking north-northwest oriented faults across the crest (Figure 2) . Relay ramps lead off the feature to the north and south into the Thouin Graben and Whitetail Graben, respectively. Faulting affects the entire Triassic and Jurassic succession (Figures 4b  and 4c ), with the feature clearly visible on both top and base Triassic structure maps (Figures 1 and 2) .
Thouin Graben
The Thouin Graben forms a major depression in the outboard northeast Exmouth Plateau and Rowley Sub-basin. The bounding faults strike approximately north-S (Figures 1 and 2) and have significant throws, forming a wide, flat-bottomed depocentre (Figure 4c ). The internal structure of the graben is complex and contains a series of north-S oriented normal faults (Figures 1 and 4c) . The graben is flanked by the Naranco High to the southeast and the Emu High to the west and is still a visible depression at the seafloor today. The Triassic succession thins into the graben (Figures 4c and 3a) , which may indicate it was a paleo-high at that time. Smith (1999) interpreted the Thouin Graben as the failed rift arm of a Callovian triple junction.
North Turtle Hinge Zone
The North Turtle Hinge Zone refers to a monocline affecting the TR10.0_SB at the Bedout-Beagle transition and a large amount of associated faulting of the overlying sediments. This involves a series of north-northeast to north-trending arcuate, en echelon normal faults forming a zone of westerly downstepping domino faulting (Figures 2 and 4d) . Faulting follows the Triassic embayment evident in the isochore map ( Figure 3a) and displacement ceases in a ductile zone above TR10.0_SB (Figure 4d ).
Tres Hombres
The circular Tres Hombres feature, which is evident in both horizon structure maps (Figures 1 and 2) , is interpreted by O'Halloran et al. (2018) as a batholith associated with Jurassic rifting that has acted as a rheological control on subsidence. The overlying sedimentary section shows a complex fault architecture, with a radial fault pattern associated with the top Triassic horizon (Figure 2 ), but an orthorhombic pattern at the base Triassic -with two main northeast oriented faults on either side of the feature connected by several northwest faults across it (Figure 1) . To the west of Tres Hombres are a string of other rounded, elevated features at the base Triassic level (Figure 1 ).
PRELIMINARY CONCLUSIONS
The Triassic succession across the central NWS has undergone a complex structural history, resulting in variable structural character and distinctive structural features. Collective understanding of this complex history has advanced in recent years due to the availability of new seismic datasets (MacNeill et al., 2018; McCormack and McClay, 2018; Minken et al., 2018; O'Halloran et al., 2018; I'Anson et al., 2019 etc.) , but needs to be integrated into the regional structural picture to improve our understanding of the tectonostratigraphic evolution of the margin. The updated structural mapping undertaken in this project will provide the coherent regional framework needed for integrating these varied insights.
In addition, based on both the horizon structure maps (Figure 1 and 2) and isochore maps (Figure 3 ) it is clear that there is a poor correlation between established basin boundaries and the newly mapped Triassic depocentres, making it difficult to clearly describe regions of interest and their evolution. Revising the basin boundaries across the central NWS could improve communication about the structural geology of the region through the standardization of names and locations of structural elements. 
